Introduction
Throughout the world's oceans, humpback whales (Megaptera novaeangliae Gray, 1846) migrate annually from high latitude waters, where they feed, to tropical waters for breeding and calving (Jefferson et al. 2008 ). In the southern hemisphere, this whale migrates from the summer feeding areas in the Antarctic and Subantarctic zones to mating and calving grounds, situated in tropical and subtropical regions, generally near oceanic islands and coral reef ecosystems (Clapham & Mead 1999; Rizzo & Schulte 2009 ).
In the Southwest Atlantic Ocean, the wintering breeding ground of M. novaeangliae is mainly located along the northeastern coast of Brazil, in the Abrolhos Bank (16
• 55 S, 38
• 50 W) and its surroundings (Zerbini et al. 2004 ). The Abrolhos Bank provides an ideal breeding habitat for humpback whales with shallow (0-50 m) and warm (23 • C) waters protected by the prevailing northeast winds and covered with coral communities (Siciliano 1995) . Studies conducted in the Abrolhos breeding ground indicated that humpbacks inhabit that region from June to January, with peaks between August and October (Siciliano 1997; Martins et al. 2001) . Antarctic feeding activity extends from November to, at least, the month of April (Stone & Hamner 1988; Secchi et al. 2001) .
Humpback whales are one of the most endangered cetaceans in the world, mainly because of the whaling activities that occurred in the last century. This whale species was extensively exploited in the southern Hemisphere through coastal stations and pelagic whaling in all major ocean basins (Best 1994; Gambell 1973; Pinedo 1985; Tønnessen & Johnsen 1982;  c 2013 Institute of Zoology, Slovak Academy of Sciences 
Williamson 1975).
It is believed that 200,000 whales were taken worldwide, both in feeding and breeding regions since 1900, resulting in a dramatic population reduction (Findlay 2000) . In Brazilian waters a total of 1,542 humpbacks were taken off Paraíba station (northeastern Brazil) prior to 1963 and at least 10 were taken off Arraial do Cabo, Rio de Janeiro (southeastern Brazil) between 1960 and 1963 (Paiva and Grangeiro 1965) . According to Williamson (1975) , the annual mean of catches of M. novaeangliae in the Brazilian whaling ground changed from 222.6 whales in the period of 1910-1914 to 9.8 whales in 1960-1963. The International Whaling Commission (IWC) recognizes seven breeding populations for M. novaeangliae in the Southern Hemisphere (IWC 1998). The Brazilian breeding stock (stock A) is one of the least known. Studies of satellite-tracking, photoidentification and genetics have indicated that the whales from Brazil use the waters off South Georgia and South Sandwich Islands (54
• S) as feeding areas (Stevick et al. 2006; Zerbini et al. 2006; Engel et al. 2008 ).
In the last decades studies about migratory movements Stevick et al. 2004; Zerbini et al. 2006) , behavior (Siciliano 1997) , abundance (Morete et al. 2003; Siciliano 1997; Zerbini et al. 2011b) , patterns of breeding distribution (Rossi-Santos et al. 2008; Siciliano 1995 Siciliano , 1997 have been conducted in Brazilian waters. However, few studies have been made in order to evaluate the pattern of strandings of this whale along the Brazilian coast (Pizzorno et al. 1998; Siciliano 1997) .
The distribution of M. novaeangliae is not equally distributed along the Brazilian coast. Most strandings appear to be concentrated on the coast of southeastern Brazil, and seem to vary according to the seasons that determine the latitudinal direction of migration and also the composition of the groups (Siciliano 1997) .
The strandings are potential sources of biological samples, and thus are important for assessing the health status of the species, but also to increase scientific knowledge on cetaceans (Geraci & Lounsbury 2005) . In this study we also present information on bacteriological analyses conducted on three live stranded humpback whales in the Brazilian coast.
The aim of this paper is to provide scientific information about the stranding pattern of M. novaeangliae along the coast of the Rio de Janeiro state and encompass highlight aspects on the vulnerability of these whales in a migratory area.
Material and methods

Study area
The study area comprises about 300 km of coast line, from São Francisco de Itabapoana (north, 21
• 25 10 S; 41
• 00 36 W) to Saquarema (south, 22
• 55 12 S; 42 • 30 37 W) (Fig. 1) .
The region is characterized by warm waters associated to the southward flow of the Brazil Current, although water temperature can reach <18
• C mainly in the southern portion of the study area due to the Cabo Frio upwelling system. This region presents high primary productivity, complex biodiversity and abundance of the aquatic organisms (Valentin 2001) .
The topography is not uniform in the entire area. The bathymetry inferior to 100 and 50 meters is broad from the north part of the study area to the region near the city of Búzios. The areas surrounding Arraial do Cabo present a relatively narrow shelf, with the coastline changing abruptly from north-south to an east-west direction (Campos et al. 1999; Muehe & Valentini 1998) .
The predominant wind in the region is the northeast, mainly during spring and summer seasons (important for the upwelling system), and the southwest related to the cold fronts. Coastal waters are turbid from the north of the study area until the region near Rio das Ostras. This area is also associated with the discharge of rivers, such as Paraíba do Sul River, São João and Barra do Furado Canal. The water transparency is characteristically high in the south region of Búzios (Muehe & Valentini 1998) .
Data of strandings and statistical analyses
The data of strandings were collected in the study area from 1981 to 2011. From 1998 to 2011 the marine mammal research group (GEMM-Lagos/ENSP/FIOCRUZ) regularly patrolled (once a month) the coastline of the study area searching for stranded marine mammals. During these surveys, awareness campaigns were implemented in the communities along the coast in order to promote a collaboration network and improve stranding reports. In addition, the data prior to 1998 were compiled from Siciliano (1997) , who studied the strandings of humpback whales in the region since 1981, and from Pizzorno et al. (1998) . All humpbacks that were accessible were necropsied and examined for interaction with gillnet fishery according to the protocol of Pugliares et al. (2007) . Data on the stranding events, such as date, location, gender and body length of the whales were documented. To determine if there were seasonal trends in the strandings, the data were categorized into four seasons: January-March (summer), AprilJune (autumn), July-September (winter), and OctoberDecember (spring). A chi-square test (χ 2 ) for equal proportions (at P < 0.05) was used to test differences in stranding frequencies between seasonal categories.
The local of each stranding was used to estimate latitude and longitude to construct a geographic view of the distribution of the humpbacks beached using ArcView3.2 program.
Reproductive class was inferred from body length data. Specimens less than 8 m of body length were considered to be dependent, nursing calves (Nishiwaki 1959; Rice 1963) . We considered newly independent calves to be whales greater than 8 m but less than 9.9 m (Katona et al. 1983) . Males between 9.9 m and 11.6 m and females between 9.9 m and 12.0 m were considered sexually immature but not newly independent. Animals greater than 11.6 m (males) and 12 m (females) were considered sexually mature (Nishiwaki 1959; Rice 1963) . Chi-square test (χ 2 ) for equal proportions was also used to test differences in stranding frequencies between reproductive classes and also for gender differences.
Simple linear regression statistic (r 2 ) was performed to verify the existing relationship between the last twenty years covered in this study (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) and the number of strandings in this period.
Stomach contents
Stomach contents of 16 whales were assessed, but only one of them presented food remains. During dissection, stomach was separated and their contents rinsed in a sieve to recover the remains of undigested prey items with taxonomic characteristics.
The stomach of a humpback stranded in 14 January 2007 (GEMM 119) was assessed and two cephalopod beaks were collected and used to identify and estimate the length (mantle) and weight of the cephalopod species recovered. The size of the cephalopods was estimated from measurements of the squid beaks: upper and lower rostral length (Clarke 1986 ). The mantle length and total mass were calculated from regressions relating squid rostral length with dorsal mantle length (ML, mm) and with total mass (TM, g) obtained from the specimens in the reference collections (Santos 1999) .
Bacteriological survey
The three live-stranded humpback whales (GEMM 233, GEMARS 1409, GEMM ##1) were selected for a bacteriological survey of Vibrionaceae and Aeromonadaceae microorganisms (Table 1 ). The specimen GEMM 233 was a 12 m male live stranded for two days on the Geribá beach in October 2010 (22
• 54 S, 43
• 12 W; Rio de Janeiro, southeastern Brazil); GEMM ##1 was a 10 m male stranded on the beach of Forte Imbuí, Niterói, in August 2004 (22
• 56 S, 43
• 06 W; Rio de Janeiro, southeastern Brazil). The third specimen (GEMARS 1409) was a 12.7 male stranded during five days on the beach of Capão Novo (29
• 40 S; Rio Grande do Sul state, southern Brazil). Although the specimens GEMARS 1409 and GEMM ##1 have been found outside the study area, they were considered for bacteriological analysis. Samples from eyes, blowholes, lung, tongue, mouth and anus were collected during field procedures using sterile rayon swabs with Cary & Blair transport medium. All swabs were stored in the field under shaded, ambient conditions, and most were submitted to the laboratory within 24 h. Samples were either processed immediately upon receiving them or were held at ambient temperature overnight before culture.
Samples were enriched at Alkaline Peptone Water (APW) containing 1% sodium chloride (NaCl) and APW plus 3% NaCl (37 
Results
A total of 58 stranded humpback whales were recorded in the study area between 1981 and 2011, showing a significant rise trend of stranding events in the period of 1992-2011 (r 2 = 0.333, P < 0.05) (Fig. 2) . Although unevenly distributed over this 20 years period, there was a mean of 2.6 whales (SD = 2.9), with a peak in 2010 when 13 records were reported. Most strandings occurred preferably in the southern half of the study area. The strandings were more common around Arraial do Cabo and in the north coast of Rio de Janeiro state (Fig. 1) .
Three cases of entanglement were observed. The first one was an independent calf of unknown sex that was entangled in a shark gillnet, but was released alive by fishermen (Siciliano 1997) . The second case of entanglement was a calf of 8 m of body length that showed an attached gear near the peduncle. The last event occurred with a dependent calf (7.5 m) of unknown sex that had net and cable marks. It is important to note that other stranding events may have been associated with fishery activities, but during field analyze it was not possible to detect any conclusive evidence. Data of body length were available for 42 specimens. There were no significant differences in stranding events between reproductive categories (χ 2 = 3.333, df = 3, P > 0.05). From the 42 measured whales 14 (33%) were classified as "dependent calf" and 12 (24%) as "sexually mature" (Fig. 3) . The whales classified as "independent calf" and "sexually immature" presented 6 and 10 strandings, respectively
Males of humpback whales stranded more often than females (χ 2 = 7.000, df = 1, P < 0.01). Twenty eight whales could be sexed during field examination, with 21 identified as males (75%) and seven as females (25%).
There were significant differences in the number of stranding events between season categories (χ 2 = 35.103; df = 4, P < 0.01) (Fig. 4) . Most strandings occurred during winter (n = 29, 50%) and spring (n = 22, 38%), with the highest monthly frequency in September (n = 17, 29%) followed by October (n = 16, 27%) and August (n = 9, 15%). During autumn and spring only three and four stranding events were recorded, respectively.
The stomach contents of 16 whales were examined, but only few food remains were reported in one whale. Two cephalopod beaks, both identified as Doryteuthis sanpaulensis (Brakoniecki, 1984) , were found in the stomach of a whale stranded in Saquarema beach (GEMM 119). The cephalopods were estimated to have 73.8 and 35.7 mm of mantle length and 14.1 and 2.9 g of weight, respectively. Despite only the beaks were found, the fresh appearance of the beaks indicates that the cephalopods may be ingested in tropical waters.
Thirteen species of bacterial pathogens from the taxonomic families Vibrionaceae and Aeromonadaceae were isolated from three whales sampled. From the 13 pathogens, seven species were identified as belonging to the family Vibrionaceae (Vibrio fluvialis, V. alginolyticus, V. cincinnatiensis, V. vulnificus, V. mediterranei, V. coralliilyticus, V. hepatarius and V. fisheri) and five species to the family Aeromonadaceae (Aeromonas hydrophila, A. caviae, A. schubertii, A. sobria and A. veronii biogroup sobria). Four species of bacteria were identified in more than one whale (A. caviae, V. alginolyticus and V. coralliilyticus). The blowholes were positively infected with V. alginolyticus, V. vulnificus, V. cincinnatiensis, V. coralliilyticus and A. hydrophila and A. veronii biogroup sobria (Table 1 ). The whale found stranded in southern Brazil presented higher diversity of infectious microbes; however, more sampling areas of this whale body were covered in the bacteriological analyses (blowhole, eye, tongue, lung, mouth and anus).
Discussion
The results indicate that humpback whales are commonly found around the region of the study area during their latitudinal migration. The presence of M. novaeangliae groups along Rio de Janeiro coast have been previously observed during land-based observations at Arraial do Cabo (Siciliano et al. 2006 ). According to Siciliano (1997) , whales use this area as a migratory corridor close to the coast. The geographic feature of the study area (e.g., eastward projection of Rio de Janeiro coast; narrow continental shelf mainly around Arraial do Cabo) could, in part, be responsible for the occurrence of humpback whales in coastal areas during their migration, which can increase the risk of entanglements, ship collisions and contact with coastal environmental pollutants, such as oil spills (Moura et al. 2009; Peterson et al. 2003; Van Waerebeek et al. 2007 ). Indeed, the results of satellite tracking have shown that during migration some whales, or groups, swim close to coastal waters along the study area (Zerbini et al. 2011a ). The number of strandings of humpback whales along the Rio de Janeiro state has increased annually in the period from 1992 to 2011 (Fig. 2) . A possible explanation for this trend might be the increasing field efforts to search for stranded whales. The large size and the charismatic feature of whales have promoted public and media interest in sighting and stranding events, therefore, the occurrence of a beached whale rarely escape to be noticed. Another reason for the increasing number of strandings might be related to anthropogenic induced mortalities (e.g., bycatch, stressful noises, pollution, ship traffic, etc.). Furthermore, the increasing number of whales visiting the breeding ground in Brazilian coast might be associated with this temporal trend of strandings. Previous studies have indicated that the size of humpback whale populations in Abrolhos Bank have increased considerably since the final of the commercial whaling period (Kinas & Bethlem 1998; Freitas et al. 2004; Andriolo et al. 2006; Zerbini et al. 2011b ). According to Zerbini et al. (2011b) , the current population of M. novaeangliae in the Western South Atlantic Ocean represents about 26 to 32% of that from the preexploitation period (22,000-28,000 whales), considering an estimated depletion to less than 4% after whaling period.
Vibrio fluvialis
Although only three cases of entanglements could be reported, other whales might have been victims of passive fishing net. It was not possible to assess evidences in other carcasses due their advanced state of decomposition, and other marks caused by the attrition of the carcass on the rocks or objects in sand beaches (Wiley et al. 1995) .
No statistic variables have been observed in the age categories, but the highest number was of dependent calves (< 8 m). Natural mortality is expected to be high during the postnatal period due to the elevated risk promoted by potential predators, environmental hazards, immature behavior, and unformed immunologic system compared to adults (Ralls et al. 1980) . Accidental catches of humpbacks have been reported in several regions of the world; although the impact of this mortality based on population level has not been established yet (Clapham & Mead 1999) . Two of the three by-caught whales reported in this study were dependent calves, while the other one was an independent calf of 9 m. Mazzuca et al. (1998) found that 57.6% of the 26 whales stranded in Hawaiian Islands were calves with less than 8 m of total body length. However, these authors found that juveniles (n = 3) and adults (n = 3) had more risk to get entangled. In Ecuador during two breeding periods, 10 out of 13 stranded whales showed signs of fishery interactions, but the length of whales accidentally caught suggests that there were no age category group at risk (Alava et al. 2005) . Barros (1991) described a female calf of 4.9 m incidentally caught in a net set about 700 m from the shore, at Ponta da Fruta (20 • 30 S, 40 • 20 W), Espírito Santo state, southeastern Brazil. Siciliano (1997) revised the occurrence of whales accidentally entangled in the Brazilian coast and showed that seven records of incidentally caught whales were concentrated in the southeastern coast of Brazil, from São Paulo (23
to Espírito Santo states (20 • 30 S). Five out of seven records occurred along the Rio de Janeiro state and most stranded whales were calves.
The information on calves' mortality is an important parameter for the determination of recruitment rates, and analyzes the pressure of the mortality pattern in a given population. The mortality rate caused by fishery activities seems to promote a considerable threat for the humpbacks during the breeding period on the Brazilian coast, mainly for calves. However, entanglements involving baleen whales do not always lead to immediate mortality, but the non-lethal event could affect the long-term survivorship or reproductive success (Kraus 1990) . Entanglements in fishing gears are considered as the major anthropogenic threat for the conservation of humpback whales, mainly due to their inshore distribution in breeding grounds (Lien 1994; O'Hara et al. 1986; Wiley et al. 1995; Alava et al. 2005; Johnson et al. 2005) .
The seasonal distribution of the strandings was similar to the seasonal breeding period of whales using the Brazilian waters. Thirty two strandings, comprising 82% of the events were concentrated in the period from August from November. The period of humpback whales visiting Abrolhos bank is markedly from July to December (Martins et al. 2001; Siciliano 1997) . Siciliano (1997) found that 91% (n = 30) of the strandings along the Brazilian coast were concentrated from August and December, and only three records occurred in February, March and May. The same author found that 93% of the sightings (n = 96) of M. novaeangliae in the Brazilian coast south of the Abrolhos Bank were concentrated in the coast of the Rio de Janeiro state and the whales were concentrated from July to December, comprising 96% of the records.
Most records of stranded humpback whales have been concentrated along São Paulo e Espírito Santo state, located in southeastern Brazil. As an example, Santos et al. (2010) revised the occurrence of cetaceans along the coast of São Paulo, state from 1984 to 2008, and found 15 records, from which 10 were dependent calves. From 1991 to 2008 only three records of humpback whales were reported for the northern coast of Rio Grande do Sul state (southern Brazil) (Danilewicz et al. 2009 ).
Evidences of feeding of M. novaeangliae have been reported for some breeding areas, such as in Mexico (Gendron & Urban 1993) , Hawaii (Salden 1990 ) and Dominican Republic (Baraff et al. 1991) . The feeding activities of humpback whales from the North Atlantic, at Bermudas islands (32
• 20 N) are suggested to be briefly and opportunistic during migration (Stone et al. 1987) . Recently, a large amount of small shrimp, Acetes americanus Ortmann, 1893 (Decapoda: Sergestidae) was found in the stomach contents of an entangled humpback whale in Brazil (Danilewicz et al. 2009 ). This specimen was a yearling with 7.27 m of length that was accidentally taken on 4 th April 2002 off Rio Grande do Sul, southern Brazil. The authors suggested that humpbacks may occasionally undertake feeding behavior in mid-latitude waters of the western South Atlantic Ocean. The cephalopods found in the stomach of the humpback whale reported in this study might have been caught opportunistically or even accidentally ingested. The productive waters of the southern and southeastern Brazilian coast may occasionally be used by baleen whales, as an opportunistic feeding zone (Hassel et al. 2003) .
Bacteriological results from the three examined whales raise signs of a possible unknown pathology, suggesting either malnutrition or an advanced infectious disease. Some bacteria strains, such as V. alginolyticus and V. parahaemolyticus have been found in sick and dead cetaceans (Gaydos et al. 2004; Higgins 2000) . Bacterial results from the three examined whales revealed the occurrence of opportunistic pathogenic agents and raise signs of a possible unknown pathology or a sickness condition triggered by immunosuppression. However, the stressful situation around the strand event could also contribute to infectious diseases in whales examined (Dunn et al. 2001; Gaydos et al. 2004) . Despite the difficulties to conduct a microbiological survey in free ranging whales, it could help to understand the behavior of these organisms in healthy individuals.
Long term monitoring programs for research with cetacean is a good strategy to assess biological samples of humpback whales and to evaluate the vulnerabilities of the population during migration. The present work showed that M. novaeangliae is common in the study area during latitudinal migration. Detailed studies of habitat use in coastal zones and more information from necropsies are needed to better evaluate the conservation status of the species in this tropical region. Fresh carcasses are especially important to study possible pathology associated with the die offs.
